function, we predict that large-scale interaction diversity will be higher in frequently burned 1 0 5 stands than in stands with longer times since fire. Second, to understand the way interaction 1 0 6 diversity varies with scale, we investigated how these patterns vary at both the small, plot-level 1 0 7 versus broader, regional-level scales. Many understory plant species have a patchy distribution in 1998, Dell et al. 2017) , and diversity of these plants is best quantified at small spatial scales, 1 1 0 therefore we expect that interaction diversity will also vary and patterns will change with 1 1 1 increasing spatial scale. Due to the connectivity between these spatial scales any such local scale 1 1 2 patterns of interaction diversity will contribute to broader scale patterns and confer long-term 1 1 3 ecosystem resiliency for the region. Research was conducted in longleaf pine forests across the Gulf Coastal Plain during in southern Alabama. The fire regime in longleaf pine ecosystems is characterized by high-1 2 0 frequency, low-intensity surface fires with return intervals of 1-5 years (Mitchell et al. 2009 ).
2 1
Numerous longleaf pine stands within the region are actively managed by prescribed fires with a 1 2 2 target of an 18-month to two-year fire return interval (Hiers et al. 2007 We established sixty-seven, 30-m diameter plots in forested stands that varied in the time 1 2 8 since last disturbance by fire ( Figure 2 ). Based on available fire history records and vegetative 1 2 9
indicator species associated with known fire return intervals, plots were placed into a burn 1 3 0 category; frequently burned (fire return interval (FRI): 1-5 years, n = 49), intermediately burned 1 3 1 (FRI: 5-25 years, n = 9), and infrequently burned (FRI: >25 years, n = 9). Throughout the entire growing season, Lepidopteran larvae were sampled within each 1 3 3 plot using beat sheets and visual searches in a standardized format moving clockwise around the 1 3 4 plot. Within each fire return interval type, we also generally collected caterpillars outside of 1 3 5 standardized plots to further expand the trophic network within each fire return interval category. Caterpillars were reared out to adulthood or eclosion of a parasitoid. Host plant associations were 1 3 7 based on the vegetation from which the caterpillars were collected and confirmed through 1 3 8 feeding in the laboratory. Host plants and arthropods were identified to species or were assigned 1 3 9 a morphotype based on morphological characteristics, behavior, and host plant record following scale and the broader, regional-level scale. The regional level is defined as the aggregate of all the study. It should be noted that longleaf pine forests in this study may have frequently burned 1 4 7 stands adjacent to infrequently burned stands, therefore our use of the term regional does not 1 4 8 infer a singular spatial aggregation, but rather a broader character-state organization. Interaction trophic networks for all data and for each fire return interval category ( Figure S1 ). To determine if interaction and species diversity across the burn gradient showed similar 1 6 7 patterns within plots we utilized analysis of variance, with fire return interval category as an 1 6 8 independent variable, and with alpha and beta diversity parameters as response variables. We hoc analyses utilizing Tukey's test were performed to identify differences between fire return 1 7 1 interval types for each diversity parameter. To address unequal sampling efforts in terms of number of plots within each fire return 1 7 3 interval category, we performed sample-based rarefaction for species and interaction richness. We also calculated nonparametric asymptotic estimators at equal sample coverage levels The collective sampling effort resulted in a trophic network between 64 host plant fire return interval category had certain plant species that were involved in a disproportionate 1 9 0 number of interactions (Table 1 ). These highly connected species, such as the host plant Quercus 1 9 1 laevis (turkey oak) connected to 24% of the entire network, are also referred to as network hubs 1 9 2 (Figure S1). Dividing the entire network into regions of similar fire return intervals: frequently, 1 9 5 intermediately, and infrequently burned yielded variable patterns in both species and interaction 1 9 6 diversity (Table 2, Figure 4 ). At this larger scale, species alpha diversity increased with longer 1 9 7 fire return intervals. However, frequently burned areas had the greatest parasitoid and herbivore only 8% in the infrequently burned stands ( Table 2 ). The diversity of interactions did not have a 2 0 0 clear pattern across the burn gradient with frequent and infrequently burned regions having 2 0 1 higher interaction diversity than intermediately burned regions. At the local level, alpha species diversity was significantly higher in intermediately 2 0 4 burned plots than in frequently burned plots with infrequently burned plots not significantly 2 0 5 different than either (F (2,63) = 6.48, P = 0.003; Figure 4A ). Beta species diversity was 2 0 6 significantly higher in infrequently burned plots compared to intermediately burned plots but was 2 0 7 not different compared to frequently burned plots (F (2,297) = 202.3, P < 0.001). Interaction 2 0 8 6 richness was greatest within infrequently burned plots, while alpha interaction diversity was 2 0 9 significantly greater in intermediate burned plots than in frequently burned plots but did not 2 1 0 differ between infrequent plots (F (2,63) = 5.03, P = 0.01; Figure 4B ). In contrast, beta interaction 2 1 1 diversity, or the turnover of interactions, was significantly higher in frequently burned plots, 2 1 2 almost double the beta diversity of plots in intermediately and infrequently burned stands (F (2,297) 2 1 3 = 820.6, P < 0.001). Rarefaction analyses illustrated that richness of both species and interactions was highest 2 1 5 within infrequently burned plots as compared to intermediately and frequently burned plots 2 1 6 ( Figure S2 ). Comparing Chao's asymptotic estimates of species richness at an equal level of 2 1 7 coverage of 20 samples, the most species were found within infrequently burned plots where the first discriminant function explained 99% of the variance and differentiated We found that the relationship between fire return interval and biodiversity was scale 2 3 0 dependent for both species and interactions, as measured by richness, and both alpha and beta 2 3 1 diversity components (Table 2) . Frequently burned stands were more diverse at a regional-level 2 3 2 scale in species and interaction richness as well as interaction alpha diversity. However, these 2 3 3 patterns were not consistent when scaling down to the local, plot-level scale. The higher levels of 2 3 4 richness among species and interactions, and the higher alpha interaction diversity at local scales 2 3 5 in infrequently and intermediately burned stands appeared to be driven by rare species and 2 3 6 specialized, single interactions. Shrubby growth forms of hardwood species in longleaf pine 2 3 7 forests are maintained by frequent fire, so as fire is removed from the landscape, these species 2 3 8 grow and eventually close out the canopy (Hiers et al. 2007) . This leads to a depauperate 2 3 9 understory of shade tolerant and fire-sensitive plants (Kirkman et al. 2004 , Mitchell et al. 2006 ).
4 0
As these key plant species are removed due to lack of fire, the increase of fire-sensitive species higher richness in comparison to plots that burn more often, interactions between these species One of the most interesting patterns of diversity in the longleaf pine system was the high 2 5 2 beta diversity of interactions in frequently burned plots compared to other plots. Lower species 2 5 3 richness in frequently burned stands might usually predict similar assemblages in any given plot 2 5 4 at the local scale, but this was not the case. While species and interaction richness was lower 2 5 5 than in plots without fire, the increased turnover of interactions between plots reveals that stands 2 5 6 that burn more often harbor slightly more generalized consumers, an attribute that confers greater 2 5 7 potential resiliency to disturbance with increased response diversity (Elmqvist et al. 2003) . Fire 2 5 8 maintains high response diversity by keeping the ecosystem in a state dominated by longleaf pine 2 5 9 and a species-rich, fire-adapted ground cover. In frequently burned forests 20% of the herbivores 2 6 0 had a more generalized diet breadth (i.e. > 2 host plant species, Table 1 ), which provides 2 6 1 functional redundancy. In this case, the decreased local alpha diversity can facilitate increased 2 6 2 local beta diversity (Chase and Myers 2006), contributing to greater gamma or regional 2 6 3 interaction diversity in frequently burned forests -supporting our predictions of frequent fire which provides the potential for ecological resiliency. Furthermore, redundant interactions that may be interchangeable can contribute to only one scale is examined. Regional or ecosystem-level networks represent an aggregation of real networks that are not captured in our static presentation of trophic networks in this system. found at local and regional-level scales, respectfully. The relative ecological importance of connectivity in these longleaf networks becomes 2 8 7 more apparent when focusing on dynamics of individual species or management of particular contributions of turkey oak to functioning networks in longleaf pine forests. may be deterministic and niche-based at larger scales (entire ecosystems across the landscape) 3 1 8
and neutral or stochastic at small scales (1-10m 2 patches; Dell 2018). Such variable processes 3 1 9
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